UNCLASSIFIED

AD NUMBER

ADA800305

NEW LIMITATION CHANGE

TO

Approved for public release, distribution
unlimited

FROM

Distribution authorized to DoD only;
Administrative/Operational Use; NOV 1951.
Other requests shall be referred to Air
Force Cambridge Research Laboratories,
Hanscom AFB, MA. Pre—-dates formal DoD
distribution statements. Treat as DoD
only.

AUTHORITY

AFCRL ltr dtd 31 Oct 1966

THIS PAGE IS UNCLASSIFIED




— il "SRR bal

»

Rzproduced 'cl -

TN Y STEIRTY

R A

| 3

%

4‘ -
3 ‘1 -
" - -
I
.

‘v

'-

’ 'y

_NOTICT; When Goveramert or cther drawings, sveciiicaticns or

-—h &

cther data are used for any purrosa cther than in connection “vith
a ceiinitely related Government precurement creratica, tte U.3.
Covernment thereby incurs no responsibility, nor any cblizaticn

7§ Whatsoever; aud the fact that the Government may nave formulaiad
% furnished, or in any way sunplied the said drawings, specificaticns
Or clier daia is not to te regardad by implication or ctherwize as
In any manner licensing the holder or any cther person or corpora

tloa, or conveyirg any rights or cermission to manufaciure 152 0

L] -—d

sell any patented invention that may in an: way 02 ralatad thareto.!

-

saucs FDLLTI S A1 KT JNT TN W egm s e —re WSS - LR e RS T OV P S »r.."—“--n‘

-
3




UCLARS I IS
ATI 3122 528 (cori1es caTaUELE FROM Canc)

HUGHES ATACRAFT €Oy, PISIARDN AND DCYILOPROW LAGS,, CLLYER
CITY, CALIfs, (TIOMICA NDOMWRS W0, 251)

LONGITIDINAL SMINT SLOT CWMRCIIRISTICS = AND APPONDIX §
STEEN, ROSRY J, NOY'S1 129 TARE, SRAPNS

USAF CONTR, 30, AF=19{122)=t54

ﬂé’:"u’-"ﬂmm PATTEWNNS m!g) )

LNCLASSIFI DD

e e Mho‘




-

HUGHES AIRCRAFT COMPAXNY
Research and Development Laboratories
Technical Memorandum No. 261

LONGITUDINAL SHUNT SLOT CHARACTERISTICS

by

Robert J. Stegen

Movemnber 1951

Contract AF 19{122)-454

"f‘

Copy No. )




e dran e RN T

-

TABLE OF CONTENTS

Abstract . . . . . . . . . . e e e e e e e e e . e e o e e e . .
Introduction . . . . . . e e o e o s e s e e e e e s e s e e e e s
Admittance Measurements . . . . ., . . . ¢ ¢ e v e 0 oo .
SlotRadiation Patterns . . . . . . . . ¢ - ¢ ¢ ¢ v ¢ 0 4ot 0 e s =
Appendix I ... .. e e e s e e e e s s e et e e e e e
Effzct of the Size of a Ground Plane on a Radiation Pattern
Acknowledgments . . . . . # e e e e e b e e e e 0o s e e .-
References. . . . . . ... ... ... e e e e e s e ... P,
Figures . . . . ¢ o 4 6 6 o 2 ¢ 6 e e e e 6 o 0 v 0 o 0o 0222000

Figuare 1}
Figure 2
Figure 3

Figure 4
Figure 5

Figure 6
Figure 7

Figure 8
Figure 9

Figure :0

LIST OF ILLUSTRATIONS

Variation of the Components of the Admittance of a
Longitudinal Shunt Slet . . . . . . .. . ... ... ..
Absolute Phase Angle of Slot Radiatior vs the Ratio of
Length to Resomant Length . . . . . . . . ... . ...
Resonant Conductance of Longitudinal Shunt Siot vs
Slot Dispiacement. . . . . . . . ... c e e e e s s,
Shunt Slot Resonant Frequency vs Length . . . . . ..
Shunt Slot Rescnant Length vs Displacement oif Wave-
guide Centerline. . . v . . .. oL 0000 e ol
Resonant Conductance of a Longitudinal Shunt Slot. . .
H-Plane Radiation Pattern of a Longitudinai Shunt

3 5 1 S ..
E-Plane Radxa.tma Paitern of 2 Low Conductance
Longitudinal Shunt Slot . . . . . . . . ¢ v 000
E-Plane Radiation Pattern of 2 High Conductance
l.ongitudinal Shunt Stet . . . . . P
E-pPlane Radiation Pattern of a Slot in a 19-inch Square
Ground Plane at 9200 mc/s v v v ¢ v v v ate e e o e

11
12

13

14

15

16




ABSTRACT

Experimental results of measurements of narrow longitudiral shunt slots
at X-band are prezsented. Correlation between the phase of the admittance
and the phase of the radiated field of a slot has been established analytically
and substantiated by measurements. The resonant conductance of these slots
has been determined both as a function of their displacement fzrom th= wave-
guide center-line ard as a function of frequency for a particular dispiaczment.
Cood correlation 'has been fournd between these results and S:evenson's expres-
sion for a longitudinal shunt slot. Curves of resonant lerngth as a funciion of
cdisplacement at a particular frequency and as a function of frzquency for a
particular displacement ware determined. Radiation patterns as a function
of slot displacement have been measurzd-and studied,
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INTRODUCTION

Associated with the electromagratic fieid in a waveguide i3 a current
distribution over the boundary surfaces. A siot cut in the wavezuide will in
general constitute a radiating element with the degree cf coupling dependent
on the current density intercepted by the slot, the length of thz slot, and the
component of the length transverse to the current lines. The type of circuit
element required for a transmission line representation of the slot is a func-
tion of the position and orientation of the slot on the waveguide.

A linear array of slots can provide an accurately controlled illumination
over a linear aperture, and may be particularly usefzl as an antenna in the
presence of severe space, weight, or windage requirements. Tke design of
such an array requires a knowledge of the relative ampiitude ard phase of the
field from each slot. Linear arrays designed to produce shaped beams and
low side lote levels on the basis of available data gave resulis below expec-
tation and indicated the need for improved da*a.. In particular, the phase ol
fields from non-resonant slots was not known. AR

~
-
- -

ADMITTAMCE MEASUREMENTS

A series of measurements was performed on slots having their iongi-
tudiral axis parallel to, but displaced from, the axis of the waveguide. This
type of slot may be represented as a pure shunt element across the traas-
mission line representation of the waveguide. The measurements wera
ccaducted at X-band but experience indicates that the necessary informatiaa
for designing arrays at other frasquencies may be obtained by direct scaling of
paramelers with very few corroborating measurements. The admittance of
stots! can be determined either by direct measurement using a traveling
probe in a slotied waveguide, or by calculations from radiation paitern
measuremesnts. Slots of relatevely high conductance, ¢G> 0.1, can be mea-
sured very accurately by the direct measurement technique. Lower conduc-
tance slots are measursd more accurately by comparing them to a known high
conductance slot by means of a radiation pattern measurement,

The admittances of six slots studied by the pattern technique were plotted
ia the complex admittance plane. From the circles determined by these
experimental points, the maximum conductance of each slot was obtainad.
The points in Figures | and 2 were then determired from these measurements,
It is iateresting to note that the ratios G/Gm and B/Gm and the phase of the
radiation are independent of the center-line displacement of the slots.
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Stevzason's‘ theoretical expression for the conductance of a resonant
longitudinal shunt slot in rectangular waveguide i3

5

-
-

wnere a = the wide dimension of the waveguide,

b s the parrow dimension of the waveguide,
x s the displacement of the slot off the waveguide center-line,
A = the free-space wavelength,

g * the waveguide wavelength, -

——

and A

. . ™=
-~‘_. " - =

The measurements made—on—!ongxtudmal shimt slots in 1.0 x 0. 5 inch (0. 050

inch wall) waveguide at-9375 mc/s differed from the value obtained from (1) .

by the factor 0.96. A similar factor was obtained from experimental results
with series slots and in that case was shown to be due o the finite thicknes
of the svaveguide wzll.. The semi-empirical expression for the conductance
of a ioagitudinal shunt siot at 9375 mc/s, .

.= 8.3¢Gp = 1.19 3in? (.‘”._') .

is ploited in Figure 3 with measured points indicated. Radiation measure-
m:ants with 2 large grouad plane cbout the slots gave essentialiy the same
results as direct admittance. measuraments wittout a ground plage.

hMeasured rescnant frequoscxcs of a shunt slot are plotied i a Figure 4
alonyg with an empirical curve which is dirsctly proporiional to the fr -space
waveiength. Since slot resonamt length is directly nropa:tmnai ic fre-*-apace
v.aveleuga yother parameters remaining constant} § single curve of slot length
as a function of displacement from the waveguides center-iin2-is suificient.
Figure 5 is a plot of the resonant lengths, express~.d in free space wavelengths,
oi longitudinal shunt slots a3 a function of the dizplacement off the waveguide
center-line.

Watsond has shown that far small displacemants the theorstical length of
a longitudinal shunt slot increases parabolically with its displacement £ . m the
center of the broad fece. This i3 axperimentally verified by the curve of
Figure 5. Figure & i2 "xe conducirnce of % resonant slot as a function of

frequency. The points are measured and tha curve s3atisfias the equation

> : ,
= 2,09 2 21 XY 45a2 {72 -
5 o8 (‘5 ;\‘) 3ia” {75 (1}
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A 2 K
= 2,012 7 A Ysia? (Z2 3
Olb -A‘ cos (2 A)nn (.) ()
s 161 M ocos?fm A (4)
A 2 ).‘

where a = 0.900 inch,
b = 0.400 inch,
and x = 0.1833 inch.

Verification of this frequency dependence of the conductance of a "resonant
slot allows {3) to be used to caiculate the resonant conductance at any ire-
quency and for any position on the waveguide.

SLOT RADIATION PATTERNS

The design of an array of shunt slots to give a specified radiation patiera
requires that the radiation pattern of a single siot be known. For a shuat
siot array in straignt waveguide, the paitern cf primory interest is the H-plane
pastern. A typical H-planz pattern for a single siot is shown ir Figure 7.
When 2 large ground piane was placed about the slot, the pattern was altered

caly by the sliminaticn of the backward lob2, This pattern is the same as one-
kaif of an ©-plave pattern of a half-wavelength wire dipoles in free space. This
fieid ;:.::.:rq is preoporiicaal io cos{" "swc; 3 . Itis of interest o com-
pare the E-‘xam patierns of a low conduciance slot {Figure 8), a high conduc-
tance slot without a gren nd plane {Figure 9), 2nd a slot with a large ground
plan2 apeut it {Figure 12}, Thne asy inmetiry of the high conductance slot on
the surface of the waveguide caused the radiation patlern to it off the normal.
Symmaetry in the pattern -:su‘i.aa whex the slot was surrounded by the large
round glans, Tle amaiyieds variations intse radiation patiscn of Figure 10
to intarfaraace eifects caused by reflsctions from the edyes of the
ix T). The changs in the field patterns due to lateral

"
i <
L
o}
LT

ce
r-‘v,yvl rlare 'Qoe Armen

acemnent musi L ;...-xp:naated Ior when desigaing an array using these
3105 in the sarface of plane waveguide., No compensation is necessary when
the surfac2 aboul the slotisa .:x.ge ground rlane,
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APPENDIX I

EFFECT OF THE SIZZ OF A GROUND PLANE ON A RADIATION PATTEZN

It has been shown' that - slot in a finite ground plaane »ill produce a
field which is partially reflected from the edge of the ground plane. These
waves will interiere with the direct wave from the slot producing maximums
and minimums in the radiation paitern at calculasle angles. The angles from
the normal for the maximums and minimums in the patf:err are

nk
@ = arc sin Zgd,

A = the free-space wavelength,
d = tke distance from the slol to the edge of the ground plane,

and n = an integer. -
For 2d *19 inches and A =1.283 inchzs, the measured “and calcnlated

posxtxons are listed in Table I. ‘

TABLE I e

MINIMUMS, DEGREES - MAXIMUMS, DEGREES

MEASURED CALCULATED MEASURED CALCULATED
4.8 -4.5 3.9 0.0 - T 0.0
12.9..}-12.5 11.7 : 721 -8.0 7.8
20.0 |-22.2 19.7 15.7 |- -17.0 15.7 *
27.0 1.29.2 25,2 23.3 | -24.5 23.9
36.5 |-39,5 37.4 2.0 | -33.5 32.7
47.5 {-43.8 47.9 41.8 | -43.5 42.5
63.2 |-63.5 1.2 53,0 { -55.5 54.1

1 70.5 { -70.5 70.9
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OF LONGITUDINAL SHUNT SLOT VS
SLOT DISPLACEMENT.
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NORMALIZED CONDUSTANCE (G)

0.8
SLOT WIDTH » 0.0625 L1NCH
1.0 X 0.5 INCH WAVEGU]DE
) 0\ DISPLACEMENT = 0. 1333 f:CH
0.7 \
o6 [
¢ POINTS ARE MEASURED )
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0.5
\ 1
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\B\Q\
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FIGURE 6 - RESONANT CONDUCTANCE OF A LONGI-
TUDINAL S:1UNT SLOT.
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FREQUENCY = md/s
) |CONDUCTANCE = 0.
. _ 1.0 X 0.5 INCH WAVEG
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FIGURE 8 - E PLANE RADIATION PATTERN OF A LOW CON-
DUCTANCE LONGITUDINAL SHUNT SLOT.
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FIGURE 9 - E PLANE RADIATION PATTERN OF A HIGH CONDUCTANCE
LONGITUDINAL SHUNT SLOT.
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FIGURE 10 - E PLANE RADIATION PATTERN OF ASLOTIN A 19-
INCH SQUARE GROUND PLANE AT 9200 mc/s.
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